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(54) Planar optical waveguide apparatus and opto-electronic hybrid circuit using the same 



(57) An optical waveguide apparatus includes a 
two-dimensional optical waveguide, a light transmitting 
unit for transmitting light through the optical waveguide, 
a light receiving unit for receiving light transmitted 
through the optical waveguide, and a relaying unit for 
relaying light transmitted through the waveguide from 
the light transmitting unit at a place between the light 



transmitting unit and the light receiving unit to transmit 
the relayed light to the light receiving unit. Arrangement 
flexibility of a light emitting device for converting an elec- 
trical signal into an optical signal and a light receiving 
device for converting an optical signal into an electrical 
signal is large, and an optical transmission can be ef- 
fectively performed. 
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Description 

[0001] This application is based on Japanese Patent 
Application No. 2002-2 19251 filed 7/29/2002, the entire 
disclosure of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a two-dimen- 
sional optical waveguide apparatus, and an opto-elec- 
tronic hybrid circuit board that includes an electronic cir- 
cuit layer and an optical circuit layer in a hybrid form. 

Description of the Related Background Art 

[0003] in recent years, cellular phones and personal 
digital assistants (PDAs) have been more and more 
widely used drastically, and equipment with smaller 
size, lighter weight and higher performance is being de- 
sired. However, operation speed and integration of elec- 
tronic circuit boards increase as the size and weight of 
equipment are reduced and the performance of equip- 
ment is enhanced. Accordingly, appropriate and prompt 
measures are strongly needed to cope with malfunc- 
tions of equipment due to signal delay and electromag- 
netic interference (EMI). In such a situation, the optical 
circuit or interconnection is expected to radically solve 
the above technical problems. The optical circuit or in- 
terconnection can reduce the EMI radiated from the wir- 
ing, and can transmit optical information at high speed. 
[0004] Japanese Patent Application Laid-Open No. 9 
(1997)-96746 discloses the following optical circuit 
board which makes use of technical advantage of the 
optical wiring. In this optical circuit board, an optical wir- 
ing portion and an electronic wiring portion are separat- 
ed from each other, optical switches or optical modula- 
tors provided on the board are driven by a voltage signal 
supplied from electronic equipment, light propagating 
through optical waveguides provided on the substrate 
is modulated, the electrical signal is thus converted into 
an optical signal, and transmitted, the thus-transmitted 
optical signal is again converted into an electrical signal 
by a light receiving device provided on the board, or an- 
other board, and the signal is transmitted to another 
electronic equipment, or the same electronic equip- 
ment. In this construction, the electronic wiring is partly 
replaced by the optical wiring, but places for executing 
electrical/optical (EO) signal conversion or optical/elec- 
trical (OE) signal conversion are limited since the optical 
wiring path is comprised of a transmission line (i.e., a 
line-shaped linear polymer waveguide). 
[0005] Further, Japanese Patent Application Laid- 
Open No. 2000-1 99827 discloses an apparatus wherein 
a 45-degree mirror is used to couple light, which enters 
or emerges perpendicularly, to the optical waveguide. 
The 45-degree mirror is thus used to couple light to the 



waveguide, or couple light transmitted in the waveguide 
to a light receiving device, and hence the transmission 
path is inevitably a linear path. Accordingly, when plural 
transmission paths are to be formed, places where light 
5 emitting devices and light receiving devices are situated 
are limited. Flexibility of board designing is thus small. 

SUMMARY OF THE INVENTION 

10 [0006] It is an object of the present invention to pro- 
vide a two-dimensional optical waveguide apparatus 
which includes relay means for relaying light, transmit- 
ted from a light transmission side and propagating in a 
waveguide, at a place between the light transmission 
15 side and a light reception side such that light can be ef- 
fectively transmitted, and in which arrangement flexibil- 
ity of a light emitting device for converting an electrical 
signal into an optical signal and a light receiving device 
for converting an optical signal into an electrical signal 
20 is large. It is another object of the present invention to 
provide an opto-electronic hybrid circuit board using the 
two-dimensional optical waveguide apparatus. 
[0007] According to one aspect of the present inven- 
tion, there is provided an optical waveguide apparatus 
25 that includes a two-dimensional optical waveguide, a 
light transmitting unit for transmitting light through the 
optical waveguide, a light receiving unit for receiving 
light transmitted through the optical waveguide, and a 
relaying unit for relaying light transmitted through the op- 
30 tical waveguide from the light transmitting unit at a place 
between the light transmitting unit and the light receiving 
unit to transmit the relayed light to the light receiving 
unit. As disclosed herein, the two-dimensional optical 
waveguide is an optical waveguide that permits, for ex- 
35 ample, an optical transmission from a light transmitting 
unit that is not directed at a light receiving unit, as well 
as an optical transmission from the light transmitting unit 
to the light receiving unit. According to the above con- 
struction, it is possible to make use of various combina- 
40 tions of transmission, such as beam-light transmission 
and diffused-light transmission, beam-light transmis- 
sion and beam-light transmission, diffused-light trans- 
mission and beam-light transmission, and diffused-light 
transmission and diffused-light transmission, between 
45 the light transmitting unit and the light receiving unit de- 
pending on the arrangement relationship between the 
light transmitting unit and the light receiving unit. The 
signal transmission can hence be effectively achieved 
with reduced loss of optical power. Typically, after a light 
so beam is initially transmitted to a place near the light re- 
ceiving unit, the beam is diffused in all directions to be 
transmitted to the light receiving unit with high efficiency. 
When an active relaying unit (described later) is used, 
it is possible to effectively transmit the optical signal to 
55 the light receiving unit even by the combination of dif- 
fused-light transmission and diffused-light transmission. 
Further, two or more relaying units can be used to trans- 
mit the optical signal to the light receiving unit. 
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[0008] The following specific structures are possible 
on the basis of the above fundamental construction. 
[0009] The relaying unit can be constructed such that 
a propagation condition of light in a plane of the optical 
waveguide can be changed at a place on a light propa- 
gation path between the light transmitting unit and the 
light receiving unit in a relaying manner (see, for exam- 
ple, Fig. 8), or such that a propagation condition of light 
can be changed at a place on a light propagation path 
between the light transmitting unit and the light receiving 
unit in a relaying manner between a direction in the 
plane of the waveguide and a direction approximately 
perpendicular thereto (see, for example, Fig. 8). 
[0010] The relaying unit can include a light diffusing 
structure capable of diffusing a light beam propagating 
in the form of a beam toward 360-degree all directions, 
or toward directions of a predetermined angular range 
in the optical waveguide. In this case, the light diffusing 
structure is a minute structure having a thickness less 
than a thickness of a core layer of the optical wavegu ide, 
for example (see Fig. 1 , etc.). As disclosed herein, the 
core layer is a layer of a relatively high refractive index 
in which light propagates. Alternatively, the relaying unit 
can include a reflective structure capable of changing 
the propagation direction of a light beam propagating in 
the form of a beam with maintaining the beam form (see 
Fig. 6, etc.). 

[0011] A line-shaped linear optical waveguide capa- 
ble of transmitting light in its optical axial direction can 
be formed in a portion of the optical waveguide capable 
of transmitting light in two-dimensional directions. Loss 
of optical power can be further reduced when such a 
linear optical waveguide is used for optical transmission. 
[0012] The relaying unit can include a optical struc- 
ture, such as a grating, a hologram, a roughed-surface 
structure, and a minute-protrusion structure, capable of 
changing a propagation condition of light propagating in 
the optical waveguide in a passive manner. The passive 
manner is a manner in which the optical signal is not 
processed in a regenerative manner by amplification, 
shaping, etc. Alternatively, the relaying unit can include 
a light receiving device for receiving the propagating 
light to convert it into an electrical signal (O/E conver- 
sion), and a light emitting device for reconvert the elec- 
trical signal obtained by the O/E conversion into another 
optical signal (E/O conversion) such that a propagation 
condition of light propagating in the optical waveguide 
can be actively changed. The active manner is a manner 
in which the optical signal is processed in a regenerative 
manner by amplification, shaping, etc. Those relaying 
units can be selectively employed as occasion de- 
mands. 

[001 3] The optical waveguide can have a structure in 
which a sheet-shaped core layer sandwiched by a first 
cladding layer and a second cladding layer. As disclosed 
herein, the cladding layer is a layer of a relatively low 
refractive index adjacent to a layer of a relatively high 
refractive index. At least one of a light emitting device 



in the light transmitting unit and a light receiving device 
in the light receiving unit is typically arranged on a sur- 
face of the optical waveguide, or in the optical 
waveguide though arrangement locations thereof are 

s not restricted. 

[0014] An optical-path converting structure for con- 
verting at least one light beam emitted from the light 
emitting device into at least one light beam propagating 
in at least one predetermined direction can be disposed 

10 in a portion of the optical waveguide below the light emit- 
ting device. The optical-path converting structure has a 
spherical, hemispherical, conical, wedge-shaped, or po- 
lygonal pyramid-shaped structure, for example. 
[0015] The light emitting device can be a single verti- 

15 cal cavity surface emitting laser (VCSEL), or an arrayed- 
type VCSEL, which is arranged such that light from the 
VCSEL can be coupled to a slant face or slant faces of 
the optical-path converting structure. The arrayed type 
is a type in which a plurality of devices are arrayed in an 

20 assembled form. When light emission ports of the ar- 
rayed-type VCSEL are aligned with slant faces of the 
optical-path converting structure, the tight beam can be 
transmitted in any desired direction with high efficiency. 
At least one of the light emitting device and the light re- 

25 ceiving device can be a spherical optical device. Elec- 
tronic device can be integrally formed on a surface of 
the spherical optical device. 

[001 6] According to another aspect of the present in- 
vention, there is provided an opto-electronic hybrid cir- 

30 cuit board that includes the above-discussed optical 
waveguide apparatus of the present invention, and an 
electronic circuit layer which is electrically connected to 
the optical waveguide apparatus. Part or all of signals 
in the electronic circuit layer can be distributed by trans- 

35 mission and reception of the optical signal using the op- 
tical waveguide apparatus to operate electronic equip- 
ment. 

[0017] The following more specific structures are pos- 
sible. Plurai vias can be formed in the optical waveguide 
40 apparatus. The via penetrates the optical waveguide ap- 
paratus such that electronic circuit layers sandwiching 
the optical waveguide apparatus can be electrically con- 
nected to each other. Serial optical signal can be trans- 
mitted in the optical waveguide apparatus in a construc- 
ts tion in which the electronic circuit layer includes parallel 
signal lines, output terminals of the parallel signal lines 
are connected to the spherical light emitting device, and 
the electronic device integrally formed in the spherical 
light emitting device performs parallel/serial conversion. 
so in this case, parallel electrical signals can be transmitted 
to an electronic device, when the serial optical signal is 
received by the spherical light receiving device filled in 
the optical waveguide apparatus, and the electronic de- 
vice integrally formed in the spherical light receiving de- 
55 vice performs serial/parallel conversion. 

[0018] In the electronic circuit layer, a plurality of op- 
tical though-holes penetrating the electronic circuit layer 
can be formed such that optical signals can be transmit- 
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ted between two-dimensional optical waveguide appa- 
ratuses. The optical through-hole can be filled with the 
same material as that of the core layer of the two-dimen- 
sional waveguide layer apparatus, but the material is not 
limited thereto. The inner portion of the optical through- s 
hole can be an air without using any material, or an op- 
tical fiber or a lens can be inserted into the inner portion 
of the optical through-hole. 

[0019] These advantages, as well as others, will be 
more readily understood in connection with the following 
detailed description of the preferred embodiments and 
examples of the invention in connection with the draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is a cross-sectional view illustrating a 
first embodiment of a two-dimensional optical 
waveguide apparatus according to the present inven- 
tion. 

[0021 ] Fig. 2 Is a schematic perspective view illustrat- 
ing the first embodiment. 

[0022] Figs. 3A through 3G are cross-sectional views 
illustrating a method for making the first embodiment. 
[0023] Fig. 4 is a schematic plan view illustrating an 
embodiment of an opto-electronic hybrid circuit board 
using the two-dimensional optical waveguide apparatus 
of the first embodiment. 

[0024] Fig. 5 is a cross-sectional view illustrating a 
second embodiment of an opto-electronic hybrid circuit 
board according to the present invention. 
[0025] Fig. 6 is a schematic plan view illustrating a 
third embodiment of an opto-electronic hybrid circuit 
board according to the present invention. 
[0026] Fig. 7 is a cross-sectional view illustrating a 
fourth embodiment of an opto-electronic hybrid circuit 
board according to the present invention. 
[0027] Fig. 8 is a cross-sectional view illustrating a 
fifth embodiment of an opto-electronic hybrid circuit 
board according to the present invention. 
[0028] Fig. 9 is a schematic perspective view illustrat- 
ing the fifth embodiment. 

[0029] Figs. 10A through 10H are cross-sectional 
views illustrating a method for making the fifth embodi- 
ment. 

[0030] Figs. 1 1 A and 1 1 B are views illustrating the fifth 
embodiment of an opto-electronic hybrid circuit board 
that includes a two-dimensional optical waveguide ap- 
paratus and an electrical circuit board in a hybrid form. 
[0031] Figs. 12Aand 12B are views illustrating a sixth 
embodiment of a two-dimensional optical waveguide 
apparatus according to the present invention. 
[0032] Fig. 13 is a cross-sectional view illustrating a 
seventh embodiment of a two-dimensional optical 
waveguide apparatus according to the present inven- 
tion. 

[0033] Figs. 14A and 14B are views illustrating a 
spherical light emitting device and a spherical light re- 



ceiving device, respectively. 

[0034] Fig. 15 is a cross-sectional view illustrating a 

modification of the seventh embodiment. 

[0035] Fig. 1 6 is a cross-sectional view illustrating an 

eighth embodiment of an opto-electronic hybrid circuit 

board according to the present invention. 

[0036] Fig. 17 is a cross-sectional view illustrating a 

ninth embodiment of an opto-electronic hybrid circuit 

board according to the present invention. 

[0037] Fig. 18 is a cross-sectional view illustrating a 

tenth embodiment of an opto-electronic hybrid circuit 

board according to the present invention. 



[0038] Embodiments of an optical waveguide appara- 
tus and an opto-electronic hybrid circuit board of the 
present invention will be described with reference to 
Figs. 1 through 18. 

[0039] Fig. 1 illustrates a portion of an optical 
waveguide apparatus of a first embodiment according 
to the present invention. In Fig. 1 , reference numeral 
100 designates a first cladding layer. Reference numer- 
al 102 designates a core layer. Reference numeral 104 
designates a second cladding layer. Reference numeral 
106 designates a light diffusing structure comprised of 
a plurality of minute protrusions. Reference numeral 108 
designates an optical-path converting structure for 
changing an optical path of propagating light. Reference 
numeral 110 designates a light emitting device. Refer- 
ence numeral 112 designates a light receiving device. 
[0040] A two-dimensional sheet-shaped optical 
waveguide is comprised of the core layer 102 (a portion 
having a relatively large refractive index) and the first 
and second cladding layers 100 and 104 (portions hav- 
ing relatively small refractive indexes) sandwiching the 
core layer 102. In the first embodiment, the core layer 
102 has a thickness of 100 microns, and is formed of 
polycarbonate Z (PCZ) (name of product by Mitsubishi 
Gas Chemical Company Inc.) having a refractive index 
1.59. The first cladding layer 100 is a glass substrate 
having a refractive index 1 .53. The second cladding lay- 
er 104 has a thickness of 50 microns, and is formed of 
ARTON (name of product by JSR Corporation) having 
a refractive index 1 .53. 

[0041] Materials of the core layer 102, and the first 
and second cladding layers 1 00 and 1 04 are not limited 
to those described above. Polyimide resin, acrylic resin, 
and the like can also be used if the refractive index of 
the core material Is larger than those of materials of the 
first and second cladding layers. Further, thicknesses of 
the core layer 102, and the first and second cladding 
layers 100 and 104 are also not limited to those de- 
scribed above. For example, the glass substrate can be 
replaced by a resin film to form a two-dimensional opti- 
cal waveguide whose entire thickness is about several 
hundred microns. A bendable and flexible two-dimen- 
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sionai optical waveguide can thus be constructed. 
[0042J In the first embodiment, an edge-emitting sem- 
iconductor laser is used as the light emitting device 110, 
and this laser is filled in the two-dimensional optical 
waveguide. As illustrated in Fig. 1, the semiconductor 
laser 11 0 can emit two light beams into the two-dimen- 
sional optical waveguide. The semiconductor laser 110 
is aligned such that those two light beams can be cou- 
pled to the light diffusing structures 1 06 formed in a por- 
tion of the two-dimensional optical waveguide, and the 
semiconductor laser 110 is brought into contact with 
electrodes formed on the surface of the two-dimensional 
optical waveguide to be driven. The light beam from the 
light emitting device 110 is hence diffused in all 360-de- 
gree directions by the light diffusing structure 106, and 
is transmitted overall the entire two-dimensional optical 
waveguide. Such light is reflected upward in the two- 
dimensional optical waveguide by the optical-path con- 
verting structure 1 08, and is coupled to the light receiv- 
ing device 112. 

[0043] In the first embodiment, although the semicon- 
ductor laser capable of emitting two light beams is used, 
but the light emitting device is not limited thereto. A sem- 
iconductor laser capable of emitting a single light beam 
can be likewise used. Further, a semiconductor laser ca- 
pable of emitting a multiplicity of light beams and having 
a ring resonator can be used. In this case, signals can 
be transmitted overall the entire two-dimensional optical 
waveguide with higher efficiency. 
[0044] Fig- 2 illustrates the entire two-dimensional op- 
tical waveguide apparatus. The two-dimensional optical 
waveguide apparatus includes the two-dimensional op- 
tical waveguide, the light emitting device 110 and fight 
receiving device 112 arranged in any desired locations, 
the light diffusing structure 1 06 for diffusing a light beam 
from the light emitting device, and the optical-path con- 
verting structure 108 for converting the optical path of 
the diffused iight. In such a structure, the optical signal 
emitted from the light emitting device 110 is initially 
transmitted as a light beam to a place near the light re- 
ceiving device 112, and is then diffused in all directions 
by the light diffusing structure 1 06. Therefore, the optical 
signal can be transmitted to the light receiving device 
1 1 2 disposed at any desired place with small loss of op- 
tical power and high efficiency. 
[0045] A fabrication method of the two-dimensional 
optical waveguide apparatus of the first embodiment will 
be described with reference to Figs. 3A through 3G. In 
Figs. 3A through 3G, reference numeral 300 designates 
a glass substrate. Reference numeral 302 designates 
an electrode provided on the entire surface for electro- 
plating. Reference numeral 304 designates a photore- 
sist. Reference numeral 306 designates a window 
formed for electroplating. Reference numeral 308 des- 
ignates a light diffusing structure. Reference numeral 
310 designates an optical-path converting structure for 
changing an optical path of propagating light. Reference 
numeral 314 designates a second cladding layer. Ref- 



erence numeral 316 designates an electrode wiring. 
Reference numeral 318 designates a semiconductor la- 
ser. Reference numeral 320 designates a light receiving 
device. Reference numeral 322 designates a first clad- 

5 ding layer. The two-dimensional optical waveguide ap- 
paratus fabricated by fabrication steps of Figs. 3A 
through 3G differs from the structure illustrated in Fig. 1 
in a portion of the first cladding layer. 
[0046] Initially, Cr/Au (Cr layer and Au layer) 302 is 

10 vacuum-evaporated on the glass substrate 300 as the 
entire electrode for electroplating, as illustrated in Fig. 
3A. The photoresist 304 is then patterned by photoli- 
thography to form the electrode-exposing window 306 
for electroplating at any desired location at which the 

is light diffusing structure 308 is to be provided. For exam- 
ple, a plurality of minute circular windows are formed in 
a close form. Then, as illustrated in Fig. 3B, Ni electro- 
plating is performed such that a plated structure formed 
around each window 306 can be an approximately hem- 

20 ispherical structure having a radius of 30 microns. The 
light diffusing structure 308 appears when the photore- 
sist 304 is removed. 

[0047] Then, as illustrated in Fig. 3C, using a method 
similar to the method of forming the light diffusing struc- 

25 ture 308, the optical-path converting structure 31 0 hav- 
ing a hemispherical profile with a radius of 75 microns 
is formed at any desired location at which diffused light 
is to be deflected upward. As illustrated in Fig. 3D, a 
polycarbonate resin of a relatively large refractive index 

30 is then coated on the glass substrate 300, and is cured 
to form the core layer 312 having a thickness of 1 00 mi- 
crons. After that, ARTON having a refractive index 
smaller than that of the core layer 312 is coated, and is 
likewise cured to form the second cladding layer 314. 

35 [0048] Electrodes and electrical wires 31 6 are formed 
on the second cladding layer 314 as illustrated in Fig. 
3E. Here, a hole for situating the semiconductor laser 
318 is formed by laser processing. When the semicon- 
ductor laser 31 8 is settled in the hole, a light beam there- 
to from can be coupled to the light diffusing structure 308. 
At the same time, a hole for situating the light receiving 
device 320 is formed above the optical-path converting 
structure 310 in alignment therewith. The semiconduc- 
tor laser 318 and the light receiving device 320 are set- 

45 tied in the respective holes using a flip-chip bonder. 
Then, as illustrated in Fig. 3F, a portion above the core 
layer 312 is removed from the glass substrate 300. 
Where necessary, the removed portion including the 
core layer 312 is bonded on the first cladding layer 322 

so having a refractive index smaller than that of the core 
layer 312. A bendable and flexible two-dimensional op- 
tical waveguide apparatus can be obtained when an AR- 
TON film, or the like is used as the first cladding layer 
322. The first and second cladding layers need not be 

55 necessarily used. 

[0049] Fig. 4 illustrates an opto-electronic hybrid cir- 
cuit board which is fabricated by combining the above- 
discussed two-dimensional optical waveguide appara- 
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tus with an electronic circuit board. In Fig. 4, reference 
numeral 400 designates a central processing unit 
(CPU). Reference numerals 402 and 404 designate ran- 
dom access memories (RAMs), respectively. Reference 
numeral 406 designates an electronic device other than 
those CPU and RAM. Reference numeral 408 desig- 
nates an electrical transmission line. Reference numer- 
al 410 designates a light emitting device. Reference nu- 
meral 412 designates a light receiving device. Refer- 
ence numeral 41 4 designates a light diffusing structure. 
Reference numeral 416 designates a light beam, and 
reference numeral 418 designates diffused light. 
[0050] No adverse influence of EMI occurs in low- 
speed data transmission, but adverse influence of EMI 
increases in the conventional electronic circuit when 
high-speed transmission with large capacity is needed. 
It is hence difficult to stably perform data transmission 
at all times. In such a case, stable high-speed transmis- 
sion with large capacity can be achieved when the opto- 
electronic hybrid circuit board as illustrated in Fig. 4 is 
employed. 

[0051] In the opto-electronic hybrid circuit board of 
Fig. 4, parallel/serial conversion is executed at the last 
stage of the CPU 400, and a single semiconductor laser 
410 connected to the CPU 400 is used to convert an 
electrical signal to an optical signal, in contrast to the 
conventional electronic circuit which needs multiple 
transmission lines. This semiconductor laser 410 is filled 
in the two-dimensional optical waveguide apparatus 
such that the light beam 416 therefrom can propagate 
in the two-dimensional optical waveguide apparatus 
with a high directivity, and the light beam is diffused by 
the light diffusing structure 414 on the way of its optical 
path. The diffused light 418 spreads overall the two-di- 
mensional optical waveguide, and the optical signal is 
received by the light receiving device 41 2 placed at any 
desired location. The light receiving device 412 is elec- 
trically connected to the RAM 404, and the optical signal 
is converted into an electrical signal thereby. This elec- 
trical signal is then serial/parallel converted to the par- 
allel signal with 64-bit wide. 

[0052] There is necessarily no need of transmitting 
the signal by light. Selective flexibility of transmission is 
established in the above-discussed apparatus such that 
the signal can be transmitted through the electronic cir- 
cuit as well. A device for controlling a bus of the appa- 
ratus determines which of optical circuit and electronic 
circuit is used to transmit the signal. 
[0053] In conventional signal lines, the wiring itself 
forms an antenna, and a malfunction of the circuit is 
caused due to the common-mode noise radiation. In the 
construction using the optical circuit, electromagnetic 
radiation noises causing such problem can be vastly re- 
duced, and the EMI can be solved. 
[0054] Further, in this embodiment, a light beam is 
used for transmission In a region where no signal trans- 
mission is needed, and light is diffused or spread in a 
region where the signal is needed. Therefore, loss of 



optical power can be reduced in this embodiment, as 
compared with a case where an optical signal is two- 
dimensionally diffused from the beginning, and transmit- 
ted. 

5 [0055] In a portion of the two-dimensional slab optical 
waveguide layer for transmitting light, a line-shaped 
waveguide with a lateral optical confinement structure 
can be formed such that the light beam can be transmit- 
ted to a place of the light diffusing structure 414 with still 

10 smaller power loss. The line-shaped optical waveguide 
can be formed, for example, as follows. In the case of 
polycarbonate Z, monochlorobenzene solution of poly- 
carbonate Z and photopolymerization monomer is coat- 
ed, and the coated material is then exposed to radiation 

is through a photo mask having a pattern of the line- 
shaped optical waveguide. Polymerization occurs only 
in the exposed region. Non-reacted monomer is then re- 
moved. Thus, the line-shaped optical waveguide of 
polycarbonate Z is formed. The line-shaped optical 

20 waveguide can also be formed by a method in which a 
heated mold is pressed against an optical waveguide 
sheet to form a patterned indented surface. Thus, a con- 
vex line of the line-shaped optical waveguide is pro- 
duced. 

25 [0056] Fig. 5 illustrates a cross section of an opto- 
electronic hybrid circuit board of a second embodiment 
in which an optical circuit layer is sandwiched by elec- 
tronic circuit boards. In Fig. 5, reference numeral 500 
designates a CPU. Reference numeral 502 designates 

30 a RAM. Reference numeral 504 designates a light emit- 
ting device. Reference numeral 506 designates a light 
receiving device. Reference numeral 508 designates a 
via. Reference numeral 510 designates an electronic 
circuit layer. Reference numeral 512 designates an op- 

35 tical wiring layer. Reference numeral 51 4 designates an 
electronic device. 

[0057] As illustrated in Fig. 5, two electronic circuit 
layers 51 0 are electrically connected through the via 508 
with the optical circuit layer 512 being interposed. Here, 

to when a signal from the CPU 500 is transmitted to the 
RAM 502 as an optical signal, for example, there Is a 
possibility that the via 508 situated in the optical circuit 
layer 512 may act as an obstacle for transmission of the 
optical signal, in the second embodiment, therefore, the 

45 signal is transmitted as a light beam that propagates 
avoiding the via 508. When necessary, the light beam 
is diffused to transmit the signal. 
[0058] When the above-noted optical circuit is used, 
transmission can be performed by the optical signal 

so even in the case where an obstacle exists in the optical 
circuit layer 512. Loss of optical power can be reduced, 
as compared with a case where an optical signal is two- 
dimensionally diffused from the beginning, and transmit- 
ted. Further, where the optical signal is transmitted to a 

55 location relatively remote from the light emitting device, 
It is preferable to employ a transmission method In which 
the signal is transmitted as a light beam up to a place at 
a predetermined distance from the light emitting device, 
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and then diffused for transmission . Loss of optical power 
can be reduced in such a transmission method, as com- 
pared with a case where light is diffused from the begin- 
ning. 

[0059] Fig. 6 is a plan view illustrating an opto-elec- 
tronic hybrid circuit board of a third embodiment in which 
an optical circuit layer is sandwiched by electronic circuit 
boards. In Fig. 6, reference numeral 600 designates a 
CPU. Reference numeral 602 designates a RAM. Ref- 
erence numeral 604 designates a light emitting device. 
Reference numeral 606 designates a light receiving de- 
vice. Reference numeral 608 designates a via. Refer- 
ence numeral 610 designates a reflective mirror. Refer- 
ence numeral 612 designates an electronic device. Ref- 
erence numeral 614 designates an electrical transmis- 
sion line. Reference numeral 616 designates a light 
beam. 

[0060] Also in the third embodiment, like the second 
embodiment, when the signal from the CPU 600 is trans- 
mitted to the RAM 602 as an optical signal, for example, 
there is a possibility that the via 608 situated in the op- 
tical circuit layer may act as an obstacle for transmission 
of the optical signal. In the third embodiment, therefore, 
the signal is transmitted as the light beam 616 that prop- 
agates avoiding the via 608, and the light beam 616 is 
deflected by a structure, which serves as the mirror 61 0, 
and is disposed at an appropriate location in the optical 
circuit layer. The optical signal can thus be transmitted 
avoiding the obstacle and reducing loss of optical power. 
[0061 ] In Fig. 6, one mirror 61 0 is illustrated, but a plu- 
rality of mirrors can be used. Further, the transmitted 
light beam 616 can be diffused by a light diffusing struc- 
ture, and is transmitted, when necessary. 
[0062] Fig. 7 illustrates a cross section of an opto- 
electronic hybrid circuit board of a fourth embodiment in 
which a plurality of optical circuit layers are used. In Fig. 
7, reference numeral 700 designates a CPU. Reference 
numeral 702 designates a RAM. Reference numeral 
704 designates a light emitting device. Reference nu- 
meral 706 designates a light receiving device. Refer- 
ence numeral 708 designates a via. Reference numeral 
71 0 designates an electronic circuit layer. Reference nu- 
meral 712 designates an optical circuit layer. Reference 
numeral 714 designates an electronic device. 
[0063] Plural electronic circuit layers can be simulta- 
neously used in an opto-electronic hybrid circuit board 
including plural optical circuit layers as in the fourth em- 
bodiment. Although two optical circuit layers 712 are 
used in this embodiment, the number thereof is not lim- 
ited to two. Further, the electronic circuit layers 71 0 and 
the optical circuit layers 712 are alternately layered in 
Fig. 7, but the layer structure is not limited to this alter- 
nate layering structure. It is also possible to insert clad- 
ding layers or the like such that the optical signal prop- 
agating in the optical circuit layer can be prevented from 
propagating into another optical circuit layer, and plural 
optical circuit layers can be layered without the electron- 
ic circuit layer being interposed therebetween. 



[0064] Fig. 8 illustrates a portion of a two-dimensional 
optical waveguide apparatus of a fifth embodiment ac- 
cording to the present invention. In Fig. 8, reference nu- 
meral 1 500 designates a first cladding layer. Reference 

5 numeral 1502 designates a core layer. Reference nu- 
meral 1504 designates a second cladding layer. Refer- 
ence numeral 1506 designates a first optical-path con- 
verting structure. Reference numeral 1508 designates 
a light diffusing structure. Reference numeral 1 51 0 des- 

io ignates a second optical-path converting structure. Ref- 
erence numeral 151 2 designates a light emitting device. 
Reference numeral 1514 designates a light receiving 
device. A two-dimensional sheet-shaped optical 
waveguide similar to that of the first embodiment is 

'5 used. 

[0065] In the fifth embodiment, the first quadruple pyr- 
amid-shaped optical-path converting structure 1 506 is 
formed immediately below the light emitting device 151 2 
such that a light beam emitted by the light emitting de- 

20 vice 1 51 2 can be transmitted in the form of one or more 
light beams toward desired directions. The light emitting 
device 1512, such as a semiconductor laser, is aligned 
such that light emitted thereby can be coupled to the first 
optical-path converting structure 1506, and be split into 

25 four beams in four directions. Further, the first optical- 
path converting structure 1506 is so arranged that each 
split light beam can be coupled to the light diffusing 
structure 1508 situated at an appropriate location in the 
two-dimensional optical waveguide. Each light beam is 

30 thus diffused by the light diffusing structure 1508 in 
360-degree directions, or in regional directions. The 
light beam can be transmitted as it is such that the light 
can be deflected by the mirror. 
[0066] Light propagating in the two-dimensional opti- 

35 cal waveguide is reflected upward by the second optical- 
path converting structure 1510 formed in the two-dimen- 
sional optical waveguide, and is coupled to the light re- 
ceiving device 1514. In the fifth embodiment, the quad- 
ruple pyramid-shaped structure is used as the first op- 

40 tical-path converting structure 1506, but it can be a 
wedge-shaped structure, or a polygonal pyramid- 
shaped structure capable of splitting a light beam into 
plural directions. The second optical-path converting 
structure 1510 can likewise have a structure similar to 

45 that the first optical-path converting structure 1 506. Fur- 
ther, the second optical-path converting structure is not 
necessarily needed. 

[0067] Fig. 9 illustrates the entire two-dimensional op- 
tical waveguide apparatus of this embodiment. Here, 

so only two light beams are illustrated out of light beams 
emitted from the light emitting device 1512 and split in 
four directions. The two-dimensional optical waveguide 
apparatus includes the two-dimensional optical 
waveguide, the light emitting device 1512 and light re- 

55 ceiving device 1514 disposed in any desired locations, 
the light diffusing structure 1508 for diffusing a light 
beam from the light emitting device 1512, and the 
minute structure 1510 for converting the optical path of 
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the diffused light. In such a structure, the optical signal 
emitted from the light emitting device 1512 can be ef- 
fectively transmitted to the light receiving device 1514 
disposed in any desired location. 
[0068] A fabrication method of the two-dimensional 
optical waveguide apparatus of the fifth embodiment will 
be described with reference to Figs. 10A through 10H. 
In Figs. 1 0A through 10H, reference numeral 1700 des- 
ignates a glass substrate. Reference numeral 1 702 des- 
ignates an electrode provided on the entire surface for 
electroplating. Reference numeral 1704 designates a 
photoresist. Reference numeral 1 706 designates a win- 
dow formed for electroplating. Reference numeral 1 708 
designates a light diffusing structure. Reference numer- 
al 1710 designates a second optical-path converting 
structure. Reference numeral 1712 designates a first 
optical-path converting structure. Reference numeral 
1 71 4 designates a core layer. Reference numeral 1 71 6 
designates a second cladding layer. Reference numeral 
1 71 8 designates an electrode wiring. Reference numer- 
al 1720 designates a semiconductor laser. Reference 
numeral 1722 designates a light receiving device. Ref- 
erence numeral 1724 designates a first cladding layer. 
[0069] The fabrication method of the two-dimensional 
optical waveguide apparatus of the fifth embodiment is 
almost the same as that of the first embodiment illustrat- 
ed in Figs. 3A to 3G. The former method differs from the 
latter method in that the first quadruple pyramid-shaped 
optical-path converting structure 1 71 2 is formed by us- 
ing a mold fabricated utilizing the Si(111) face, and is 
placed on the electrode 1702 as illustrated in Fig. 10D. 
[0070] Fig. 11 A illustrates an opto-electronic hybrid 
circuit board which is fabricated by combining the above 
discussed two-dimensional optical waveguide appara- 
tus with an electronic circuit board. Fig. 11 B illustrates 
the neighborhood of a portion for emitting an optical sig- 
nal. In Figs. 11 A and 11 B, reference numeral 1800 des- 
ignates a CPU. Reference numerals 1802 and 1804 
designate RAMs, respectively. Reference numeral 1 806 
designates an electronic device other than those CPU 
and RAM. Reference numeral 1 808 designates an elec- 
trical transmission line. Reference numeral 1810 desig- 
nates a light emitting device. Reference numeral 1812 
designates a light receiving device. Reference numeral 
1814 designates a light diffusing structure. Reference 
numeral 1816 designates a light beam, and reference 
numeral 1818 designates diffused light. Reference nu- 
meral 1820 designates a first optical-path converting 
structure. 

[0071] Also in the fifth embodiment, like the first em- 
bodiment, electromagnetic radiation noises causing 
malfunction of the circuit due to the common-mode 
noise radiation can be remarkably reduced, and the EMI 
can be solved. 

[0072] Further, also in this embodiment, a light beam 
can be used for transmission in a region where no signal 
transmission is needed, and light can be diffused or 
spread in a region where the signal is needed. There- 



fore, loss of optical power can be reduced, as compared 
with a case where an optical signal is two-dimensionalfy 
diffused from the beginning, and transmitted. 
[0073] Fig. 12A illustrates a cross section of an opto- 

5 electronic hybrid circuit board of a sixth embodiment in 
which an arrayed-type VCSEL with four light emission 
ports and a first optical-path converting structure are so 
arranged that four light beams emitted from a light emit- 
ting device can be coupled to four side slant faces of a 

io first quadruple pyramid-shaped optical-path converting 
structure, respectively. Fig. 12B is an enlarged view il- 
lustrating the positional relationship between the light 
emitting device and the first optical-path converting 
structure. In Figs. 12Aand 12B, reference numeral 1900 

is designates a first cladding layer. Reference numeral 
1902 designates a core layer. Reference numeral 1904 
designates a second cladding layer. Reference numeral 
1906 designates a first optical-path converting struc- 
ture. Reference numeral 1908 designates a light diffus- 

20 ing structure. Reference numeral 1910 designates a 
second optical-path converting structure. Reference nu- 
meral 1912 designates a light emitting device. Refer- 
ence numeral 1914 designates a light receiving device. 
[0074] As illustrated in Fig. 12B, optical transmission 

25 can be effectively performed when a common signal is 
transmitted using four light beams from the beginning. 
Loss of optical power can be reduced, as compared with 
a case where a light beam is split into four light beams 
for transmission. Each of the four light beams propagat- 

30 ing in the two-dimensional optical waveguide apparatus 
can be coupled to the light diffusing structure 1908, 
when necessary. Each light beam is thus diffused by the 
light diffusing structure 1908 in 360-degree directions, 
or in regional directions. The light beam can also be 

35 transmitted as it is such that the light can be deflected 
by the mirror. 

[0075] When the second polygonal pyramid-shaped 
optical-path converting structure 1 91 0 is used, light cou- 
pled to a slant face of the polygonal pyramid-shaped 
40 structure can be deflected upward such that the light re- 
ceiving device having an array structure can receive plu- 
ral optical signals. 

[0076] In the sixth embodiment, the arrayed-type VC- 
SEL with four light emission ports is used, but the 

45 number of light emission ports is not limited thereto. This 
number can be equal to or less than the number of slant 
faces of the first polygonal pyramid-shaped optical-path 
converting structure. Further, the quadruple pyramid- 
shaped structure is used as the first optical-path con- 

so verting structure 1 906 in this embodiment, but it can be 
a wedge-shaped structure, or a polygonal pyramid- 
shaped structure. The second optical-path converting 
structure 1910 can likewise have a structure similar to 
that the first optical-path converting structure 1906. Fur- 

55 ther, the second optical-path converting structure is not 
necessarily needed. 

[0077] When a structure serving as a mirror is dis- 
posed in the optical circuit layer, the light beam can be 
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deflected as it is such that the optical signal can be trans- 
mitted avoiding obstacles, such as a via, in the optical 
circuit layer 

[0078] Fig. 13 illustrates a cross section of a two-di- 
mensional optical waveguide apparatus of a seventh 
embodiment in which a spherical light emitting device 
with an electronic device integrally formed on its surface 
is filled in the two-dimensional waveguide. In Fig. 13, 
reference numeral 2000 designates a first cladding lay- 
er. Reference numeral 2002 designates a core layer. 
Reference numeral 2004 designates a second cladding 
layer. Reference numeral 2006 designates a light diffus- 
ing structure. Reference numeral 2008 designates an 
optical-path converting structure. Reference numeral 
2010 designates a spherical light emitting device. Ref- 
erence numeral 2012 designates a light receiving de- 
vice. 

[0079] Further, Fig. 15 illustrates a cross section of a 
similar two-dimensional optical waveguide apparatus of 
a modification of the seventh embodiment in which a 
spherical light emitting device with an electronic device 
integrally formed on its surface and a spherical light re- 
ceiving device with an electronic device integrally 
formed on its surface are arranged in the two-dimen- 
sional optical waveguide. In Fig. 15, reference numeral 
2200 designates a first cladding layer. Reference nu- 
meral 2202 designates a core layer. Reference numeral 
2204 designates a second cladding layer. Reference 
numeral 2206 designates a light diffusing structure. Ref- 
erence numeral 2208 designates a spherical light emit- 
ting device. Reference numeral 2210 designates a 
spherical light receiving device. The spherical light re- 
ceiving device 221 0 filled in the two-dimensional optical 
waveguide can be effectively receive an optical signal 
transmitted in the optical waveguide without using the 
optical-path converting structure, or the like. 
[0080] Figs. 1 4A and 1 4B illustrate the spherical light 
emitting device and the spherical light receiving device, 
respectively. In Figs. 14A and 14B, reference numeral 
2100 designates a light emitting device. Reference nu- 
meral 2102 designates an electronic device. Reference 
numeral 2104 designates an electronic circuit. Refer- 
ence numeral 2106 designates an n-type layer of the 
spherical light receiving device. Reference numeral 
2108 designates an i(intrinsic)-layer. Reference numer- 
al 2110 designates a p-type layer. Reference numeral 
2112 designates an electrode for the light receiving de- 
vice. 

[0081] As illustrated in Fig. 14A, optical transmission 
can be effectively performed when the same signal is 
transmitted using four light beams from the four light 
emitting devices 2100 formed in the spherical device. 
Loss of optical power can be reduced, as compared with 
a case where a light beam is split into four light beams 
for transmission. The electronic device 2102 formed on 
the surface of the spherical device is a CMOS circuit for 
driving the light emitting devices 2100. 
[0082] In this embodiment, four light emitting devices 



2100 are GalnNAs/AIGaAs-system VCSELs formed on 
four [111] faces, respectively, but they are not limited 
thereto. Those can be (i-FeSfe-system devices. Further, 
although the electronic device 2102 formed on the sur- 

5 face of the spherical device is the circuit for driving the 
light emitting devices in Fig. 14A, it can be a parallel/ 
serial converting circuit, an integrated device including 
a driving circuit and a parallel/serial converting circuit, 
or the like. Furthermore, a plurality of electronic devices 

10 can be formed. 

[0083] In the spherical light receiving device, a p-i-n 
layer is formed on a surface of a spherical Si substrate 
(for example, a southern hemispherical side), and a cir- 
cuit for applying a reverse bias to the light receiving por- 

15 tion, an amplifying circuit, and the like (not shown) are 
formed on another hemispherical side (for example, a 
northern hemispherical side) opposite to the side of the 
light receiving portion. 

[0084] When necessary, four light beams propagating 
20 in the two-dimensional optical waveguide apparatus can 
be coupled to the light diffusing structures 2006 and 
2206 so as to be diffused toward 360-degree all direc- 
tions, or toward directions of a predetermined angular 
range. 

25 [0085] The two-dimensional optical waveguide appa- 
ratus of this embodiment can be combined with an elec- 
tronic circuit board to construct an opto-electronic hybrid 
circuit board, similar to the second embodiment. When 
a structure serving as the mirror is disposed in the opti- 

30 cal circuit layer the light beam can be deflected as it is 
such that the optical signal can be transmitted avoiding 
obstacles, such as a via, in the optical circuit layer. 
[0086] Fig. 16 illustrates a cross section of an opto- 
electronic hybrid circuit board of an eighth embodiment 

35 which includes two optical circuit layers connected 
through an optical through-hole. In Fig. 16, reference 
numeral 2900 designates a CPU. Reference numeral 
2902 designates a RAM. Reference numeral 2904 des- 
ignates a light emitting device. Reference numeral 2906 

40 designates a light receiving device. Reference numeral 
2908 designates a via. Reference numeral 2910 desig- 
nates an electronic circuit layer. Reference numeral 
2912 designates an optical circuit layer. Reference nu- 
meral 2914 designates an electronic device. Reference 

45 numeral 2916 designates an optical-path converting 
structure. Reference numeral 291 8 designates an opti- 
cal through-hole. 

[0087] Since the optical circuit layers 2912 are con- 
nected through the optical through-hole 2918 as illus- 

50 trated in Fig. 1 6, it is possible to transmit the optical sig- 
nal coupled to an optical circuit layer to another plural 
optical circuit layer. The optical signal can be effectively 
transmitted over a wider range in such a construction in 
which plural optical circuit layers 2912 are connected to 

55 each other through the optical through-hole 291 8. 
[0088] In the structure of Fig. 1 6, the light beam can 
be transmitted in a direction perpendicular to the optical 
circuit layer 2912 when optical-path converting struc- 
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tures 2916 (for example, a minute conical, or polygonal 
pyramid-shaped light diffusing structure) are disposed 
above and below the perpendicularly-extending optical 
through-hole 2918. The optical-path converting struc- 
ture 2916 having the above-noted function can be re- 
placed by a mirror with the same function. 
(0089] In this embodiment, the light beam from the 
light emitting device 2904 is transmitted to the light re- 
ceiving device 2906 as it is, but the transmission manner 
is not limited thereto. For example, the light beam trans- 
mitted from the lower optical circuit layer to the upper 
optical circuit layer can be coupled to the light diffusing 
structure disposed in the upper optical circuit layer, and 
can be diffused toward 360-degree ail directions, or to- 
ward directions of a predetermined angular range. 
[00901 Further, although the optical through-hole 
2918 is filled with the same material as that of the core 
layer of the two-dimensional optical waveguide layer in 
this embodiment, the material is not limited thereto. The 
inner portion of the optical through-hole 291 8 can be an 
air without using any material, or an optical fiber or a 
lens can be inserted into the inner portion of the optical 
through-hole 2918, for example. 
[0091] Fig. 17 illustrates a cross section of an opto- 
electronic hybrid circuit board of a ninth embodiment 
which includes two optical circuit layers connected 
through an optical through-hole. In Fig. 17, reference 
numeral 4000 designates a CPU. Reference numeral 
4002 designates a RAM. Reference numeral 4004 des- 
ignates a light emitting device. Reference numeral 4006 
designates a light receiving device. Reference numeral 
4008 designates a via. Reference numeral 401 0 desig- 
nates an electronic circuit layer. Reference numeral 
4012 designates an optical circuit layer. Reference nu- 
meral 4014 designates an electronic device. Reference 
numeral 4016 designates an optical-path converting 
structure. Reference numeral 4018 designates a light 
diffusing structure. Reference numeral 4020 designates 
an optical through-hole. 

[0092] Like the eighth embodiment, the optical circuit 
layers 401 2 are connected through the optical through- 
hole 4020 in the ninth embodiment, and hence it is pos- 
sible to transmit the optical signal coupled to an optical 
circuit layer to another optical circuit layer. 
[0093] In the ninth embodiment as illustrated in Fig. 
17, the light diffusing structure 4018 is disposed imme- 
diately above the optical through-hole 4020, so that the 
light beam transmitted upward through the optical 
through-hole 4020 can be coupled to the light diffusing 
structure 4018, and diffused toward 360-degree all di- 
rections, or toward directions of a predetermined angu- 
lar range. Also in this embodiment, the inner portion of 
the optical through-hole 4020 is filled with the same ma- 
terial as that of the core layer of the two-dimensional 
optical waveguide layer, but the material is not limited 
thereto. 

[0094] Fig. 18 illustrates a cross section of an opto- 
electronic hybrid circuit board of a tenth embodiment 



which includes two optical circuit layers connected 
through an optical through-hole. In Fig. 18, reference 
numeral 4100 designates a CPU. Reference numeral 
4102 designates a RAM. Reference numeral 4104 des- 
s ignates a spherical light emitting device. Reference nu- 
meral 4106 designates a light receiving device. Refer- 
ence numeral 41 08 designates a via. Reference numer- 
al 41 1 0 designates an electronic circuit layer Reference 
numeral 4112 designates an optical circuit layer. Refer- 
to ence numeral 4114 designates an electronic device. 
Reference numeral 4116 designates a light diffusing 
structure. Reference numeral 4118 designates an opti- 
cal through-hole. 

[0095] Like the eighth embodiment, the optical circuit 

is layers 4112 are connected through the optical through- 
hole 41 1 8 in the tenth embodiment, and hence it is pos- 
sible to transmit the optical signal coupled to an optical 
circuit layer to another optical circuit layer. 
[0096] In the tenth embodiment as illustrated in Fig. 

20 18, the light diffusing structure 41 1 6 is disposed imme- 
diately above the optical through-hole 4118, and the 
spherical light emitting device 4104 is disposed imme- 
diately below the optical through-hole 4118. Two light 
beams of three light beams emitted from the spherical 

25 light emitting device 4104 are transmitted through the 
lower optical circuit layer, while the remaining one emit- 
ted from the spherical light emitting device 41 04 is trans- 
mitted through the optical through-hole 41 1 8, and guid- 
ed into the upper optical circuit layer. When the spherical 

30 light emitting device 41 04 is used in such a manner, op- 
tical transmission can be more efficiently performed with 
reduced loss of optical power, as compared with a case 
where the light beam is guided into the optical through- 
hole using the optical-path converting structure to trans- 

35 mitthe optical signal through plural optical wiring layers. 
[0097] In the tenth embodiment, the light diffusing 
structure 4116 is disposed immediately above the opti- 
cal through-hole 4118, but the structure is not limited 
thereto. The light beam can be coupled to the upper op- 

40 tical circuit layer by disposing an optical-path converting 
structure or a mirror at the same location. Also in this 
embodiment, the inner portion of the optical through- 
hole 4118 is filled with the same material as that of the 
core layer of the two-dimensional optical waveguide lay- 

45 er, the material is not limited thereto. 

[0098] As described in the foregoing, in the two-di- 
mensional optical waveguide apparatus according to 
the present invention, there Is arranged a relay unit for 
relaying light transmitted from a light transmission side 

so and propagating in a waveguide at a place between the 
light transmission side and the light reception side. Ac- 
cordingly, flexible combinations of transmission, such as 
a combination of light-beam transmission and diffused- 
light transmission, can be selectively employed for 

55 transmission between the light transmission side and 
the light reception side, and signal transmission can be 
effectively performed with reduced loss of optical power. . 
Further, when the two-dimensional optical waveguide 
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apparatus of the present invention is used with an elec- 
tronic circuit layer in a hybrid manner, the EMI problem 
and the like can be solved at a relatively low cost without 
alteration in design of the electronic circuit layer. 
[0099) While the present invention has been de- 
scribed with respect to what is presently considered to 
be the preferred embodiments, it is to be understood 
that the invention is not limited to the disclosed embod- 
iments. The present invention is intended to cover var- 
ious modifications and equivalent arrangements includ- 
ed within the spirit and the scope of the appended 
claims. 

[0100] An optical waveguide apparatus includes a 
two-dimensional optical waveguide, a light transmitting 
unit for transmitting light through the optical waveguide, 
a light receiving unit for receiving light transmitted 
through the optical waveguide, and a relaying unit for 
relaying light transmitted through the waveguide from 
the light transmitting unit at a place between the light 
transmitting unit and the light receiving unit to transmit 
the relayed light to the light receiving unit. Arrangement 
flexibility of a light emitting device for converting an elec- 
trical signal into an optical signal and a light receiving 
device for converting an optical signal into an electrical 
signal is large, and an optical transmission can be ef- 
fectively performed. 



Claims 

1 . An optical waveguide apparatus comprising: 

a waveguide capable of propagating light in 
two-dimensional directions; 
a light transmitting unit for transmitting light 
through said waveguide; 
a light receiving unit for receiving light transmit- 
ted through said waveguide; and 
relaying means for relaying light transmitted 
from said light transmitting unit and propagat- 
ing in said waveguide at a place between said 
light transmitting unit and said light receiving 
unit to transmit the relayed light to said light re- 
ceiving unit. 

2. The optical waveguide apparatus according to 
claim 1 , wherein said relaying means is constructed 
such that a propagation condition of light propagat- 
ing in said waveguide can be changed at a place on 
a light propagation path between said light transmit- 
ting unit and said light receiving unit in a relaying 
manner. 

3. The optical waveguide apparatus according to 
claim 1, wherein said relaying means includes a 
structure capable of diffusing a light beam propa- 
gating in the form of a beam toward 360-degree all 
directions, or toward directions of a predetermined 



angular range in said waveguide. 

4. The optical waveguide apparatus according to 
claim 3, wherein said structure has a thickness less 
than a thickness of a core layer of said waveguide. 

5. The optical waveguide apparatus according to 
claim 1 , wherein said relaying means includes a re- 
flective structure capable of changing a propagation 
direction of a light beam propagating in the form of 
a beam with maintaining the beam form. 

6. The optical waveguide apparatus according to 
claim 3, wherein a waveguide capable of transmit- 
ting light is vertically formed to said waveguide ca- 
pable of transmitting light in two-dimensional direc- 
tions. 

7. The optical waveguide apparatus according to 
claim 1 , wherein said relaying means includes a 
structure capable of changing a propagation condi- 
tion of light propagating in said waveguide without 
processing light in a regenerative manner by ampli- 
fication and shaping. 

25 

8. The optical waveguide apparatus according to 
claim 1 , wherein said relaying means includes a 
light receiving device for receiving the propagating 
light to convert an optical signal of the propagating 

30 light into an electrical signal, and a light emitting de- 
vice for reconvert the electrical signal obtained by 
the signal conversion into another optical signal 
such that a propagation condition of light propagat- 
ing in said waveguide can be changed by process- 

35 ing the propagating light in a regenerative manner 
by amplification and shaping. 

9. The optical waveguide apparatus according to 
claim 1, wherein said waveguide has a structure in 

w which a sheet-shaped core layer sandwiched by a 
first cladding layer and a second cladding layer. 

10. The optical waveguide apparatus according to 
claim 1 , wherein at least one of a light emitting de- 

15 vice in said light transmitting unit and a light receiv- 
ing device in said light receiving unit is arranged on 
a surface of said waveguide, or in said waveguide. 

11. The optical waveguide apparatus according to 
0 claim 10, further comprising an optical-path con- 
verting structure for converting at least one light 
beam emitted from said light emitting device into at 
least one light beam propagating in at least one pre- 
determined direction, said optical-path converting 

5 structure being arranged in a portion of said 
waveguide below said light emitting device. 

12. The optical waveguide apparatus according to 
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claim 11, wherein said optical-path converting 
structure has a spherical, hemispherical, conical, 
wedge-shaped, or polygonal pyramid-shaped 
structure. 

13. The optical waveguide apparatus according to 
claim 12, wherein said light emitting device is a sin- 
gle VCSEL, or an arrayed-type VCSEL, said VC- 
SEL being arranged such that light from said VC- 
SEL can be coupled to a slant face or slant faces of 
said optical-path converting structure. 

14. The optical waveguide apparatus according to 
claim 10, wherein said light emitting device is a 
semiconductor laser having a ring resonator. 



15. An opto-electronic hybrid circuit board for combin- 
ing transmission of an optical signal and transmis- 
sion of an electrical signal in a hybrid manner, said 
apparatus comprising: 

an optical waveguide apparatus, said optical 
waveguide apparatus including a waveguide 
capable of propagating light in two-dimensional 
directions, a light transmitting unit for transmit- 
ting light through said waveguide, a light receiv- 
ing unit for receiving light transmitted through 
said waveguide, and relaying means for relay- 
ing light transmitted from said light transmitting 
unit and propagating in said waveguide at a 
place between said light transmitting unit and 
said light receiving unit to transmit the relayed 
light to said light receiving unit; and 
an electronic circuit layer, said electronic circuit 
layer being electrically connected to said opti- 
cal waveguide apparatus; 

wherein part or all of signals in said electronic 
circuit layer is distributed by transmission and re- 
ception of the optical signal using said optical 
waveguide apparatus to operate electronic equip- 
ment. 
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